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Introduction
heophylline is a dimethylxanthine that remains the most widely pharmaceuticals for the treatment of acute and chronic asthma in several developing countries, as it is effective, cheap, and widely available. Moreover, it is used as a smooth muscle relaxant, myocardial stimulant and diuretic agent (Amin et al., 2003; Wu et al., 2013) .
The toxicity by theophylline may be acute, acute on therapeutic or chronic. Acute theophylline intoxication may results from single ingestion of more than 10 mg/kg. Acute on therapeutic intoxication results when theophylline-treated patients ingest a toxic dose (Henry and Minton, 2011) . Furthermore, its therapeutic use may be associated with toxicity due to its narrow therapeutic index, variable individual pharmacokinetics and development of sustained release formulations (Boushey, 2011) .
The mechanism of toxicity of theophylline and other methylxanthines is through adenosine receptors antagonism, increasing the release of endogenous catecholamines, inhibition of phoshodisterase enzyme and increasing of C-AMP by prevention of its degradation (Paul et al., 2010; Ghannoum et al., 2015) .
Theophylline poisoning is associated with many gastrointestinal, neurologic, musculoskeletal and cardiovascular manifestations and often leads to important body systems complications. Nausea, vomiting, abdominal pain, tachycardia, hematemesis, coarse muscle tremors and hypotension may occur. Moreover, many metabolic disturbances are reported e.g. hypokalemia, hyperglycemia, hypercalcemia and metabolic acidosis (Kapoor et al., 2015) .
Furthermore, theophylline intoxication can also lead to life-threatening events like refractory seizures, cardiac arrhythmias that characteristically appear without warning and are relatively resistant to standard therapeutic measures and eventually lead to cardiac arrest (Minton and Henry, 1996; Koeijers et al., 2008) .
The incidence of acute poisoned patients who required intensive care unit (ICU) admission was ranged between 2% to 13.8% of all admitted cases to ICUs (Liisanantti et al., 2011) . To the best of our knowledge, few studies were investigated to predict the need of T ICU admission based on clinical parameters recorded at admission. This might enable clinicians to identify patients at high risk after presentation allowing more intensive monitoring and treatment that will be useful especially in developing countries (Davies et al., 2008) .
Unfortunately, acute theophylline toxicity is still a big problem with major consequences especially in developing countries. This was attributed to lack of specific antidote and the presence of many factors that may affect the outcome of acute theophylline intoxicated patients. So, physicians are in need for recognizing morbidity and mortality risk factors in those patients soon after presentation. This might allow more intensive treatment and monitoring, and thereby decrease complications (El-Hawary et al., 2015) . Hence, the target of this study is to identify the predictors that may be useful in determining the need of ICU admission in cases of acute theophylline toxicity.
Patients and methods
This prospective observation cross sectional study was carried out on 110 patients who received detailed information concerning the aim of the research work. A written informed consent was obtained from each participant or his guardian prior to study beginning. The study was accepted by the Research Ethical Committee, Faculty of Medicine, Tanta University. Privacy and confidentiality of patients' records and data was ascertained through coding system. Inclusion criteria: All adult patients with history and/or manifestations of acute theophylline toxicity who were admitted to Poison Control Unit, Emergency Hospital, Tanta University in the period from January 2016 till December 2017 were included.
Exclusion criteria: Patients who received any unreported medical treatment before admission.
Patients who co-ingested substances.
Patients with any pre-existing chronic diseases including; cardiac diseases, hypertension, diabetes,influenza, hepatic and renal diseases and cancer.
Smokers. Diagnosis of acute theophylline toxicity was based on history of theophylline intake and/or manifestations of acute theophylline toxicity together with estimation of serum theophylline level.
For each patient, full history was taken including the sociodemographic data, past history of any chronic systemic illness with especial concern to bronchial asthma and toxicological data including route & mode of poisoning, previous intake of theophylline, formulation of the drug, dose, and any intervention occurred & time elapsed before hospital admission. In addition, vital signs, level of consciousness according to Glasgow Coma Scale (GCS), gastrointestinal, neurological and cardiovascular manifestations were recorded.
The normal ranges of vital signs varies according to age, where the normal ranges of blood pressure (mmHg), pulse (beats/min.) and temperature (°C) in adults are 90-130/60-90, 60-100 and 37+0.6 respectively (Flomenbaum et al., 2006) . As regards vital signs in children, the normal range of temperature is (36.6-37.9°C rectally) (Nield and Kamat, 2011) . While, the normal ranges of other vital signs of patients below 18 years are determined according to standardized blood pressure and pulse tables (Hartman and Cheifetz, 2011) .
Under complete aseptic conditions, venous blood samples were taken immediately after admission and before giving any medication in disposable blood collection syringes. They were used for serum potassium and random blood sugar measurements. Serum theophylline levels were measured according to Sheehan and Haythorn (1976) .
Finally, the need for ICU admission and the duration of hospital stay for each patient was recorded with all other data in a standard sheet that was designed to record complete clinical assessment of each patient.
Statistical analysis:
For quantitative data, the Shapiro-Wilk test for normality was performed. For data that were not normally distributed, median and mean ranks were calculated and Mann-Whitney U test was used for comparison between groups. For qualitative data, they were expressed as numbers and percentages and Pearson's Chi square test was used to examine association between two variables. When more than 20% of cells have expected count less than 5, Fisher's Exact test was used. Additionally, binary logistic regression was performed to ascertain the effects of clinically relevant variables on the likelihood that participants will need ICU admission. The predictive role of serum theophylline level was analyzed by Receiver Operating Characteristics (ROC) curve. Significance was adopted at p < 0.05 for interpretation of results of tests. All analyses were done using SPSS version 20 (Knapp, 2017) . Results Table ( 1) revealed that, patients' ages ranged between 1 and 59 years (median: 20); females represented 92 patients (83.6%). Suicidal attempts were recorded in 105 of patients (95.5%). Oral route was registered in 109 cases (99.1%). Ninety four and half percent of poisoned patients were presented with acute overdose. Number of tablets taken by patients ranged between one tablet to twenty tablets with a median 5 tablets, each tablet contained 400 mg of theophylline. Pre hospital delay ranged between 1-26 hours with a median 6 hours. Table ( 2) showed distribution of different clinical manifestations and laboratory findings of the studied patients. Gastrointestinal manifestations were in the form of nausea,vomiting, hematemesis and diarrhea. Nausea was found in 92 patients (83.6%) , 10 patients of them admitted to ICU . Vomiting occurred in 99 patients (90%) ; 9 patients of them admitted to ICU. Eight patients (7.3%) presented with hematemsis and 7 of them admitted to ICU .Diarrhea occurred in 4 patients and only one of them admitted to ICU. Hypotension was reported only in 11.8% of patients, while most of them (90%) suffered from tachycardia. Tremors were reported in 35 patients (31.8%), agitation occurred in 8 patients (7.3%), only 2 patients suffered from hallucination while only one case developed seizures. The median serum theophylline level among the studied patients was 35 mg/L. Serum glucose level elevated (>140) in 26.4% of patients. 74.5% of patients presented with hypokalemia, while 24.5% of patients with normal potassium level and only one patient had hyperkalemia.
There was no statistically significant association between age of the patients and need for ICU admission, but gender showed statistically significant association with need for ICU admission. No statistically significant association was found between mode of toxicity, preexisting disease, route of ingestion, type of toxicity, form of theophylline preparation and delay time with need for ICU admission. However, dose of theophylline showed statistically significant association with the need for ICU admission as illustrated in table (3).
No statistically significant association was found between any of gastrointestinal manifestations and need for ICU admission. However, statistically significant association between tremors, agitation, hallucination and the need for ICU admission was detected as illustrated in table (4). Table (5) shows statistically significant association between blood pressure of the studied patients and need for ICU admission. Conversely, no statistically significant association was reported between each of pulse rate, temperature and need for ICU admission. Statistically significant association was shown between serum theophylline level, serum potassium level and need for ICU admission.
A logistic regression was performed to ascertain effect of clinically relevant variable on need to ICU admission (table 6). It was found that, patients who presented with hallucination, agitation, or hypotension had significantly increased likelihood of requiring admission to ICU (131.85, 8.85 , and 4.91 times respectively). For assessment of serum theophylline level accuracy in predicting the need for ICU admission in acute theophylline poisoned patients, ROC curve was constructed. It revealed that, area under curve was 0.75 (p=0.010*) that means fair accuracy. The optimal cut-off value was ≥ 37.5 mg/L as shown in table (7) and figure (1). 
Figure (1): ROC curve of serum theophylline level for predicting ICU admission in acute theophylline intoxicated patients (n=110).

Discussion
Theophylline is a commonly used drug in the treatment of acute or chronic lung disease. Despite the considerable potential benefit of theophylline, its narrow therapeutic range and erratic absorption and elimination contribute to the potential for toxicity, which can have high morbidity and mortality (Yaman et al., 2016) . Theophylline intoxication may be acute, acute on therapeutic or chronic (Henry and Minton, 2011) . Both intentional and accidental toxicity are common due to its wide availability (Lim et al., 2005) . The main findings of this research confirmed that the mean age, gender, residence, route & mode of poisoning and clinical data were more or less in agreement with many previous observations in majority of centers in Egypt and across the world (Minton and Henry 1996; Shannon, 1999; Shannon, 2000; Borkan, 2002; Kumar and Moses, 2004; Shannon, 2007; Shannon, 2008; Tesfaye et al., 2008; National Toxicology Program, 2010; Mohammed, 2011; Yip et al., 2011; El-Hawary, 2015) .
This observation cross sectional study of acute theophylline intoxication was designed to clarify the best predictors for ICU admission in acute theophylline poisoning. In order to achieve this target, sociodemographic, toxicological, clinical data and laboratory findings were analyzed against ICU admission in acute theophylline poisoned patients.
This analysis revealed that, no statistical significant association was detected between need for ICU admission and age, pre-existing disease, form of theophylline preparation, time of delay, mode, route, and type of toxicity. Moreover, nausea, vomiting, hematemesis diarrhea and seizures registered no statistical significant association with need for ICU admission. Furthermore, pulse, temperature and serum glucose level showed no statistical significant association with need for ICU admission. Henceforth, it anticipated to exclude these variants from logistic regression for prediction of ICU admission in patients with acute theophylline toxicity.
Statistical significant association was found between ICU admission and gender within the studied patients. This could be explained through the reported predominance of females over males in the current study which is supported by Yip et al. (2011) . This finding was comparable with previous studies which reported that, numbers of intoxicated females admitted to ICU were greater than males (Viertel et al., 2001; Tufekci et al., 2004; Guloglu and Kara, 2005; Cengiz, et al., 2006) . These data were controversial to data gathered by other authors who registered about 47.4% of intoxicated, ICU admitted patients were male (Mucci et al., 2006; Cook et al., 2008; Sulaj et al., 2015) .
Statistical significant association was found between ICU admission and doses. This may be attributed to the large inter individual variation in theophylline kinetics. The absorption of theophylline is largely affected by the presence of food in stomach and/or recumbence. Additionally, the metabolism and the clearance of theophylline are influenced by a large number of factors (Undem, 2006) .
Patients in the current study showed variable CNS manifestations ranged from tremors, agitations, and hallucinations. Such finding is comparable to Shannon (2000) who reported an incidence of hallucinations and agitation in his study. On the other hand, all studied cases were fully conscious and alert on admission.
Theophylline stimulates central nervous system (CNS) at various levels. Stimulation of the cerebral cortex leads to agitation, tremors, restlessness, irritability and headache. Moreover, stimulation of the spinal cord results in hyperreflexia (Caravati, 2004) . Furthermore, CNS effects of theophylline are mediated through increased cyclic-AMP concentration and blockage of adenosine receptors which results in CNS stimulation at various levels according to Shannon (2008) .
Statistical significant association was found between need for ICU admission and different CNS manifestations including agitations, hallucinations and tremors within the studied patients. This finding might be attributed to correlation between methylxanthine concentrations in the cerebrospinal fluid and those in plasma (Ghannoum et al., 2015) . Henceforth, central nervous system stimulation is a hallmark of methylxanthine toxicity and could be a predictor for ICU admission.
This finding is supported by Shannon (2007) who reported that neurological toxic manifestations due to theophylline toxicity are considered a predictor of poor outcome. In addition, patients experiencing neurological toxic manifestations of theophylline toxicity may suffer from serious complications or even permanent neurological infirmity. Furthermore, Lim et al. (2005) and Hoffman (2006) reported that neurological manifestations such as anxiety, agitation, hallucinations and/or seizures could worsen the clinical outcome of patients with theophylline toxicity.
In the present study, there was statistical significant association between ICU admission and hypotension in acute theophylline poisoned patients. Borkan (2002) clarified that, hypotension may occur with acute theophylline toxicity as a result of volume depletion and/or vasodilatation. Furthermore, Rahat et al. (2005) concluded that severe hypotension not responding to treatment can be considered as a risk factor for severe theophylline toxicity and poor outcome.
In (2005) Rahat and his colleges found an association between serum potassium level and severity of theophylline toxicity. This data could explain the statistical significant association registered between and serum potassium level. Moreover, high incidence of hypokalemia was reported by both Shannon (1999) and Amin et al. (2003) in acute theophylline poisoned patients. It is usually attributed to intracellular movement of potassium induced by excess catecholamines secretion (Hoffman, 2006) .
Serum theophylline level showed statistical significant association with ICU admission in the participating patients. In the same direction, Sessler (1990) , Shannon (1993) , Shannon (1999) , Visitsunthorn et al. (2001) &Shannon and Perry (2005) supposed that, high-risk patients could be identified using peak serum theophylline concentration in acute theophylline intoxication. In contrast Aitken and Martin (1987) & Bertino and Waiker (1987) found that the peak serum theophylline concentration was not associated with major toxicity. However, patients included in both studies were acute on top of chronic toxicity and none of them had acute toxicity from single overdose.
Logistic regression of clinically relevant variable showed that, patients who presented with hallucination, agitation, or hypotension had an increased likelihood of requiring admission to ICU. ROC curve analysis of serum theophylline accuracy in predicting need for ICU admission revealed that, serum level ≥ 37.5 mg/L is a fair predictor. Conclusion From this study, it could be concluded that, in acute theophylline intoxicated patients, hallucination, agitation and hypotension could be considered as good predictors for ICU admission. Additionally, serum theophylline level ≥ 37.5 mg/L is a fair predictor. Recommendations It is recommended to consider ICU admission for acute theophylline intoxicated patients suffering from hallucination, agitation and hypotension to help young clinician to identify critical cases of acute theophylline toxicity in initial assessment in ED. Theophylline intoxicated patients who are presented by serum theophylline level of ≥ 37.5 mg/L should be admitted in ICU as high risk patients.
Further researches are required to investigate prognosis and course of theophylline acute intoxicated patients admitted to the intensive care unit. Striking lack of correlation of peak serum theophylline concentrations with clinical course for those with chronic theophylline toxicity makes further studies rational to find predictors that reflect clinical condition and ICU requirement of patients whether they are acutely or chronically exposed to theophylline toxicity.
Study limitation
The principal limitation of the current study is its small sample size precipitated by small number of theophylline intoxicated patients presented to Poison Control Unit, Emergency Hospital, Tanta University. Moreover, absence of chronic exposed theophylline intoxicated patients who require further investigation.
